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INTRODUCTION 
During the last few decades,  the vegetation over hu ge areas in the south of the 
Iberian Peninsula has been drastically altered. Essentially, the natural vegetation 
has been replaced with plantations of pine and eucalyptus for timber production. 
Thi s type of radical transformation must have affected many components of the 
ecosystems as weil as their functional relationships. Although this forest manage­
ment policy has changed in recent years , in mountain areas in the south of the 
peninsula, patches of Mediterranean vegetation appear next to other patches of 
introduced species of trees .  
I t  i s  important to  know how different species exploiting these habitats have 
succeeded in adjusting themselves to this new situation. From the point of view of 
birds ,  the new habitats show a series of structural features resulting from the 
management applied : fellings, thinnings, scrub clearing, etc . These structural 
features may determine different aspects of the adaptive strategies of these species, 
especially those related to breeding. 
Although different aspects of the breeding biology of the Great Tit (Parus 
major) have been studied in temperate forests (Kluijver, 1 95 1  ; Krebs, 1 97 1  ; van
B alen , 1 973 ; Orell, 1 983 ; Minot & Perrins, 1 986 ; McCleery & Perrins, 1 988 ; 
Dhont, 1 989 ; Verhulst, 1 992 ; Verhulst, 1 992 ; Liou et al. , 1 993 ; etc .) ,  informa­
tion from Mediterranean forests is scarce (Rodriguez, 1 985 ; Blondel et al. , 1 987 ; 
Gil-Delgado & B arba, 1 987 ; Barba & Gil-Delgado, 1 990 ; Barba et al. , 1 993 ,
1 995) .  In particular data are lacking on how this species is affected by the 
transformation of original vegetation into coniferous forest. 
Different factors may influence reproductive patterns of birds (Cod y, 1 97 1 )  ; 
among them, the type of habitat determines the resources available (food and 
nesting places basically) .  In this work, we compare reproductive patterns of Great 
Tits breeding in nestboxes erected in a seminatural Mediterranean holm oak 
(Quercus rotundifolia) forest with those of Great tits in a pine plantation of Pinus 
pinea and P pinaster.
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Holm oak forest can be considered as the most representative of ali the 
habitats in the southern part of the lberian Peninsula with Mediterranean climate. 
Pine forest, on the contrary can be considered as a very recent habitat which ari se 
as a consequence of human management during the last decades.  
STUDY AREA 
The study area is located in Sierra Morena (38°  02' N ; 5° 07' W) in southern
Spain at an average height of 550 to 650 rn a .s . l .  
The original vegetation of the area is a Mediterranean holm oak forest with 
tai! trees dispersed within connecting patches of grasslands and scrub . This type of 
vegetation is the result of giving up the traditional management of the « dehesas » .
The name « dehesa » refers to an agro-sylvo-pastoral system in a single space, 
created by human intervention over centuries on natural vegetation (Joffre et al. , 
1 988) .  Socio-economical changes in the last decades are the origin of the giving 
up of tradition al management, mainly grazing by sheep and pigs. As a consequence 
grasslands have been progressively invaded by scrub and, additionally, huge areas 
of ancient dehesas have been transformed into pine forest reforestations .  
Adjacent to  this vegetation type, there is  a plantation of P. pinea and
P pinaster introduced about 1 950 and covering huge areas, where the two species
occur in monospecific patches on the southem and northern slopes ,  respectively. 
More detai ls about the history of vegetation in this area can be found in 
Gonzalez Bernaldez et al. ( 1 976). 
The vegetation of these types of habitat depends to a great extent on forestry 
management, mainly scrub clearing and thinning. Table 1 presents sorne basic 
attributes (density, cover and height) of the vegetation of the two habitats .  
Essentially, in the holm oak forest tree density i s  lower and the trees are larger than 
in the pinewood. The crown cover is  larger in the pine wood, whereas the ground 
cover of scrub is twice as large in the holm oak forest as in the pinewood (Maicas, 
1 994). 
TABLE 1 
Characteristics of forest habitats in terms of sorne attributes of trees and scrub. 
PPA = Pinewood with P. pinea; PPR = Pinewood with P. pinaster; HO = Holm oak
forest with Q. rotundifolia. 
Attribute PPA PPR HO 
Average distance between trees (rn) 6.47 5 .23 9 .26 
Density (trces/ha) 238 .7  365.0 1 1 6 .7  
Average cover per tree canopy (rn2) 3 1 .5 27 .3  5 1. 0
Tree canopy cover (%) 75 99 59 
Scrub cover (%) 1 6 . 1  1 6.9 35 . 1 
Scrub average height (rn) 0.92 0.8 1 .0 
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The most abundant species of the scrub in the holm oak forest are Cistus 
monspeliensis, C. ladanifer and C. albidus and in the pinewoods C. ladanifer,
Genista hirsuta, Rosmarinus offtcinalis and Lavandula stoechas (Maicas, 1 994) . 
MATERIAL AND METHODS 
In order to monitor the reproduction of P major, we used nestboxes
previously erected in the area as weil as new ones located in a regular pattern. The 
new boxes were erected in the winter before each breeding period ( 1 989, 1 990 and 
1 99 1 )  at densities of 20, 40 and 80 nestboxes/ 1 0 ha (see Table Il) . In the ho lm oak 
forest 242 nestboxes and in the pine wood 246 ones were erected in a regular 
pattern, with a di stance between them varying from 30 rn to 50 rn according to the 
desired density. Furthermore, 300 additional nestboxes were examined in 1 988 .  
These boxes were erected in previous years by local forestry management agency 
without any determinated pattern . Altogether, 788 nestboxes were monitored. 
TABLE Il 
Density of breeding pairs (number/10 ha) of the different species in plots with 20, 40
or 80 nestboxes/1 0 ha in different years. N :  number of nestboxes in each plot; P :  pine
forest; HO : ho lm oak forest 
-
Plot 20/ 1 0  ha Plot 40/ 1 0 ha Plot 80/ 1  0 ha Plot 80/ 1 0  ha
( 1 990) ( 1 989) ( 1 990) ( 1 99 1 )  Mean 
Density 
N = 40 N = 42 N =  1 1 6  N = 1 1 6 N = 42 N = 42 N = 48 N = 42 
Species p HO p HO p HO p HO p HO 
P. major 4.0 5 .0 1 7 .0 1 2 .0 1 8 .0 1 8 .0 5 .0  1 0.0 1 1 .0 1 1 .2 
P cristatus 4.0 - 5 .0 1 .0 8 .0 - 5 .0 2 .0 5 .5  0.75 
P. caeruleus 0.5 4.0 5 .0 1 8 .0 6.0 22.0 2.0 8.0 3 .4 1 3 .0 
P. phoenicurus 3 .0  - 2 .0 - - - - - 1 .25 -
S. europaea 0.5 0 .5 2 .0  8 .0  - - - 4.0 0 .6 3 . 1  
C. brachydactvla 0.5 - - - 2.0 2.0 - - 0.6 0.5 
T troglo�lytes . - - 0.3 - - 4.0 - - 0. 1 1 .0 
P. petronia - 3 .0  - 5 .0 2.0 2.0 - 4.0 0.5 3 . 5  
Total den s i  t y  1 2 .5  1 2 .5  3 1 .3 44.0 36.0 48.0 1 2 .0 28.0 
Nestboxes were inspected weekly throughout the reproductive period until 
every fledgling had left the nest. The variables recorded were clutch size, egg 
volume (calculated using the equation developed by Hoyt, 1 979) and number of 
young rai sed. Although eggs were measured individually, ali analyses and 
comparisons were made using mean clutch volumes. The weight of nestlings was 
that on the 1 5th day of li fe. This estimate of weight was considered to represent the 
definitive weight of nestlings at leaving the nest (Perrins, 1 965 ; Garnett, 1 98 1 ) . 
In order to perform the analysis of the reproductive cycle in both types of 
habitats,  we calculated the barycenter « g » using the equation developed by 
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Blondel ( 1 985) .  Thi s parameter is considered to be more suitable than the average 
laying date, since the values are weighed up in relation to the total number of 
offsprings throughout the breeding season . In thi s case, the dates mean weekly 
periods . The barycenter of the laying date was calculated by combining the values 
of different years exhibiting a slight difference between years . Layings made until 
the barycenter date (this included) are considered « early layings » and those made 
later are considered « late layings ».
For testing differences we used the following stati stical tests : Mann-Whitney 
test, Student test, Spearman correlation coefficient and x2 test for normal
distribution fit .  
RESULTS 
BREEDING DENSITY 
The density of breeding pairs of P. major tended to increase with density of
nestboxes , both in the pinewood and the holm oak forest (Table II) . However, 
relative nestbox occupancy was lower at higher nestbox densities,  which i s  
probably related to the territoriality o f  this species ,  which may b e  determined by 
the availabi lity of food resources .  lt i s  also obvious that nestbox occupancy can 
change between years as was the case in the plot with 80 nestboxes/ 1 0 ha, where 
occupancy dropped notably from 1 990 to 1 99 1 ,  probably due to very unfavorable 
and unusual climatic conditions for thi s area during February 1 99 1 .  
The breeding density of other species nesting in the nestboxes (P. caeruleus,
P. cristatus and Sitta europaea) rose in both forest habitats .  These were the main
species responsible for the increase in total breeding density in the plots with ri sing 
nestbox density (Table Il), but total breeding density did not increase proportion­
ally to the increase in the number of boxes .  This suggests an effect of territoriality 
in these species .  Other species such as Phoenicurus phoenicurus, Certhia 
brachydactyla, Troglodytes troglodytes and Petronia petronia had Jess quantitative 
impact on the breeding community due to their lower breeding density. 
BREEDING PHENOLOGY : VARIATION BETWEEN HABITATS 
Egg laying started three weeks earlier in the pinewood than in the holm oak 
forest (Fig.  1 ). However, nests with eggs could be detected nearly un til the same 
date in both habitats. From Figure 1 ,  we can deduce that, considering the whole 
cycle, the late layings (repeat clutches or second broods) at the end of the cycle are 
too infrequent to create a bimodal curve of egg presence in either of these two 
habitats . 
At the barycentre, the percentage of total laid eggs i s  much higher in the ho lm 
oak forest (70 %, = 28.0 ± 26.3 % for whole cycle) than in the pinewood (35 % ,  
= 23 .0  ± 1 6 . 3 % for whole cycle) . Therefore, there i s  a better synchronization 
between clutches in the holm oak forest. In the pinewood layings happen 
throughout a longer period of time. 
Considering that nestlings occurred earlier in the pinewood and that the 
breeding period finishes at the same date in both habitats ,  we can state that the 
breeding period is shorter in the holm oak forest. Since the barycentres of the 
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Figure 1 .  - Phenology of the brecding cycles of P major in the holm oak forest and the pinewood.
A) Pere en tage of eggs throughout the cycle ; E = baryccnter of the eggs for the whole breeding cycle.
B)  Percentage of ncstl ings throughout the cycle ; N = barycenter of nestl ings.  
breedi n g  period coïncide, the percentage of nestl ings that thi s  species is rai sing at 
t h i s  moment is as weil twice as much (40 % = 1 6 . 5  ± 1 4 .4 % for whole cycle) i n
t h e  h o l m  o a k  forest as i n  t h e  plantation (20 % ,  = 1 1 . 3 ± 7 . 4 % for wholc cycle) . 
345 
REPRODUCTIVE EFFORT 
Clutch size 
The frequency distribution of clutch sizes in both forest habitats fits a normal 
distribution (X2 = 1 .788,  d.f. = 3, p > 0.05 and x2 = 3 .44, d .f. = 3, p > 0.05 , respec­
tively) but the range of clutch sizes was higher in the ho lm oak forest (2- 1 1 )  than 
in the pi ne plantation (3- 1 0) . Moreover, the most frequent clutch size in the 
pinewood was 7 eggs ,  whereas in the holm oak forest it  was 8 eggs .  
Mean clutch size did not significantly differ between the pine plantation and 
the ho lm oak forest (t = 1 .432, df = 9 1 ,  p > 0.05) .  There were also significant 
differences between earl y and late clutches in both habitats (t = 2 .583 ,  df = 1 06 ,  
p < 0.05 in pinewood ; t = 2 .3 1 5 ,  df  = 50, p < 0 .05 in ho lm oak forest) (Table III ) .  
These results suggest that laying date has  a stronger effect on clutch size than 
habitat. 
Egg volume 
The frequency distribution of mean egg volume of the clutches fits a normal 
distribution in both habitats (X2 = 9 .562, d .f. = 5, p > 0.05 for the pinewood,
x2 = 3 .66 1 ,  d.f. = 3, p > 0.05 for the holm oak forest) . The mean egg volume 
(Table III) was significantly larger in the pinewood than in the holm oak forest 
(t = 2.739,  df = 1 07 ,  p < O.O I ) . 
Eggs of early clutches were significantly larger in the pinewood than in the 
holm oak forest  (t = 2 .629, df = 74, p < 0.05) but not in late clutches (Mann­
Whitney U = 9 1 ,  p > 0.05) (Table III) . On the other hand, within habitat there was 
no difference in egg volume between early and late clutches in either habitat 
(Mann-Whitney test : Z = 0.25 1 ,  p > 0.05 for the pinewood ; U = 1 62 ,  p > 0.05,  for 
the holm oak forest) . Therefore, in contrast to clutch size, mean clutch volume was 
affected by habitat but not by laying date. 
BREEDING SUCCESS 
Only 1 3  % of the clutches in the plantation and 6 % in the ho lm oak forest had 
no !osses and in both habitats more than 40 % of ali clutches failed to give any 
fledgling (Fig.  2). Disregarding total failures,  most pairs rai sed 6 or 7 fledglings in 
the pine plantation, whereas in the holm oak most pairs raised only 3 or 4 .  
In  the pinewood, 353 fledglings were raised from 864 eggs laid ( 40.85  %)  and 
in the ho lm oak forest 1 1 4 fledglings were rai sed from 363 eggs laid (3 1 .40 % ) .  
Thi s difference accounts for the average survival rate in  the pinewood to  be  one 
fledgling per clutch higher th an in the ho lm oak forest (3 . 1 2  and 2 . 1 3  
fledglings/clutch respectively) .  When failing breeding clutches are not included in 
the analysis ,  the average breeding succes s  differs more widely between both 
habitats : 5 .43 fledglings/clutch in the pinewood and 3 .90 fledglings/clutch in the 
ho lm oak forest  (t = 3 . 865, df = 85 ,  p < 0.00 1 ). This difference is also significant 
between earl y clutches in both habitats (t = 3 . 202, df = 62, p < 0 .0 1 )  but not 
between late clutches (t = 1 . 377, df = 2 1 ,  p > 0.05 ) .  These results suggest more 
severe conditions at the end of the breeding season (Table Ill) . 
In the pinewood, fledglings from early clutches were heavier than those from 
la te clutches (t = 5 .079, df = 1 54 ,  p < 0.00 1 ) .  In the ho lm oak forest, no difference 
was found (t = 0.756, df = 59, p > 0.05) .  
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TABLE III 
Ejfect of type of habitat and seasonality on reproductive parameters of P. major. Mean
and standard deviation are given; sample size is shown in brackets. p < 0. 05 ( *);  
p < 0. 01 ( * *);  p < 0. 001 ( * * *); p > 0. 05 (NS) 
Variation Reproductive Pinewood Holm oak forest p source parameters population population 
Habitat Clutch size 7 . 1 4 ± 1 .42 6 .85 ± 1 .89 NS (n = l 2 1 )  ( n  = 53)  
Egg volume (cm3) 1 .56 ± 0. 1 0  1 .5 1  ± 0. 1 0  * *  ( n  = 66) (n = 43) 
Fledglings 5 .43 ± 1 .79 3 .90 ± 1 .74 * * *  (n = 59) (n = 28) 
3 . 1 2 ± 3 .02 2 . 1 3  ± 2.34 ( 1 )  * (n = 1 1 3) (n = 53)  
Fledglings weight (grs) 1 6 .53 1 5 .62 * (n = 1 56) (n = 6 1 )  
Seasonality Clutch size 
- Early 7.5 ± 1 .5 (3) 7 .26 ± 1 .84 (2) NS (n = 78) (n = 35) 
(* *) (4) ( *) 
- Late 6.7 ± 1 . 1  6 .0 ± 1 . 8 NS (n = 30) (n = 1 7) 
Egg volume 
- Early 1 .56 ± 0. 1 1 .5 1  ± 0. 1 * *  ( n  = 4 1 )  (n = 35) 
(NS) (NS) 
- Late 1 .56 ± 0. 1 1 .55 ± 0. 1 NS (n = 24) (n = 7) 
Fledglings 
- Early 5 .60 ± 1 . 88 4 .00 ± 1 .93 * *  ( n  = 42) (n = 22) 
(* ) (NS) 
- Late 4.65 ± 1 .62 3 .67 ± 1 .03 NS (n = 1 7) (n = 6) 
Fledglings weight 
- Early 1 7 .33 ± 2.42 1 5 .60 ± 1 .7 1  * * *  ( n  = 86) (n = 53)  
( *) (NS) 
- Late 1 5 .55 ± 1 .68 1 5 . 1 0 ±  2.60 NS (n = 70) (n = 8) 
( 1 )  Taking count of ali clutches (with and without breeding success) .  
(2) Clutches laid ti l l  April 23 . 
(3 )  Clutches laid till April 1 6 .  
(4) Differences between early and late reproductive parameters. 
Therefore, thi s  species rai ses more fiedglings per clutch in the pinewood than 
in the holm oak forest. Fledglings from early clutches have a higher mean weight 
in the pi ne forest th an in the ho lm oak forest (t = 4.594, df = 1 37 ,  p < 0.00 1 ), but 
not in the late clutches (t = 0.725 , df = 76, p > 0.05) .  
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Figure 2. - Frequency of ftedglings raised by P major in the pinewood and the ho lm oak forest.
BREEDING FAILURES 
Considering ali nests , 62 (35 .6 %) pairs suffered total failure,  37 of them 
(53 %) being located in the plantation and 25 (47 %) in the holm oak forest 
(Table IV). 
Most total fai lures occurred during the egg stage in pi ne plantations (35 % ), 
the main cause being nest desertion . During the nestling stage, the breeding 
failures were more frequent in the ho lm oak forest (23 %) th an in the pinewood 
( 1 7  %) . At this nestling stage, the main cause o f  breeding fai lure was predation . In the holm oak forest, additional causes of breeding failure were nest desertion and 
the presence of ants (Crematogaster spp . )  in nestboxes . 
Failures did not occur at the same time in the two habitats ; nests in the 
pinewood failed two weeks earlier than those in the holm oak forest. 
DISCUSSION 
B REEDING DENSITY 
The more nestboxes that are avai lable, the higher is the nesting density ; thi s 
trend i s ,  however, not linear : at high nestbox densities relative nestbox occupancy 
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TABLE IV 
Relative importance of causes of breeding failure of P. major in Pinewood and Ho lm 
Oak forest nests in stages of egg and nestling; percentages of the nests in every forest 
are given in brackets 
Egg stage Nestling stage 
Cause Pinewood Holm oak forest Pinewood Holm oak forest 
OPD 3 (4) 1 (2) - -
EP 5 (7) 2 (4) - -
ED 1 5  (22) 8 ( 1 5 ) - -
1 - 1 (2) - -
IL 2 (3)  - - -
sc - 1 (2) - -
pp - - 1 ( 1 )  -
NP - - 6 (9) 3 (6) 
A - - 2 (3)  3 (6) 
E - - - 1 (2) 
NA - - 3 (4) 4 (8) 
Total 25 (35)  13  (25 ) 12 ( 1 7) 1 2  (23) 
OPD = One of the parents was found dead in the nest ; EP = Egg predation ; ED = Egg desertion ; 1 = 
reproduction interference by other species through displacing from the nestbox ; IL = lnterrupted 
Iaying ; SC = simultaneous clutches of two species in a same nestbox ; PP = Parent predation 
(considered only with evidence) ; NP = nestling predation ; A =  Ants ; E = presence of ectoparasites ; 
NA = nestl ing abandoned. 
tends to decrease (Kluijver, 1 95 1  ; Higuchi , 1 978 ; Minot & Perrins, 1 986 ; thi s
study) .  Therefore,  cavities avai lable for nesting can be considered as a limiting 
resource. This l imitation was more pronounced in the pine plantations where the 
age of the trees precludes the presence of natural cavities ; so, in this  and many 
other situations,  the reproduction of thi s species is limited by the distribution and 
abundance of nestboxes .  
B ut, on the other hand,  the decrease in nestbox occupancy suggest that 
territorial exclusion is acting at high nestbox densities. 
TIMING OF THE B REEDING 
Air temperature has been considered as a key proximate factor determining 
the onset of laying (Slagsvold, 1 976 ; Isenmann et al., 1 990 ; Blondel et al. , 1 99 1  ; 
Perrins ,  1 99 1 ) . An increase of temperature is positive1y associated with the onset 
of 1aying. Notwithstanding, Lambrechts et al. ( 1 996) provide evidences that thi s 
onset results from variation in daylength. 
B ut the availability of food for nestlings is  the ultimate factor determining the 
reproductive period of birds in both temperate and Mediterranean areas (Lack, 
1 966, 1 968 ; Perrins ,  1 970 ; Cody, 1 97 1 ; Immelmann, 1 97 1 ; Blondel , 1 985 ; 
Martin ,  1 987) .  The timing of the breeding season would have evolved through 
rai sing the nestl ings at the time when their food requirements coincide with the 
period of maximum food supply. P major i s  mainly insectivorous ali through the
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breeding period (Betts, 1 955 ; Gibb & Betts ,  1 963 ; Royama, 1 970 ; van B alen, 
1 973 ; Minot, 1 98 1  ; Cowie & Hinsley, 1 988 ; Barbara & Gii-Delgado, 1 990 ; 
Barba et al. , 1 994 ) . The insects cycle i s  known to be closely synchronized with the 
phenology of the plants on which the insects depend directly or indirect) y (Jordana 
et al. , 1 990 ; Rodriguez et al. , 1 994).  This fact suggests that a synchronization
between breeding period of P. major and availabi lity of insects must exist, both
depending on climatic conditions .  
Although the onset of  laying by  P. major in the plantations started three
weeks earlier than in the holm oak forest, in both habitats the last date for leaving 
the nests was the same, 1 8  June. Thus ,  the breeding period was longer in the 
plantation . Given the relationship between availability of food and onset of laying 
(Kallander, 1 974 ; Yom-tov, 1 974 ; Brèimssen & Jans  son, 1 980 ; Smith et al. , 
1 980 ; Hèigstedt, 1 98 1  ; Ewald & Rohwer, 1 982 ; Da vies & Lund berg, 1 985 ; 
Clamens & Isenmann , 1 989 ; Nilson & Svensson, 1 993 ; Blondel et al. , 1 993)  thi s
early laying in the pinewood suggests the presence of an early resource in thi s 
habitat that can be exploited by Great Tits . 
In coniferous plantations in temperate Europe the peak of avai lable food i s  
later than i n  caducifolious oak forests (van B alen , 1 973  ; Zandt e t  al. , 1 990). 
Therefore, in the former habitat later laying would be profitable, since late broods 
would be better synchronized with the available food.  Nevertheless ,  van B alen
( 1 973) fou nd that the on set of laying in P. major was tao earl y in pi ne forest ta be
synchronized with the maximum avai lability of food for the nestl ings .  This pattern 
was interpreted as an adaptation ta the resource phenology in oak forests . 
However, the phenology of sclerophyllous species of holm oak forests in southern 
Europe is very different from that of central European oak forests .  In addition the 
percentage of renewed leaves in the Mediterranean sclerophyllous forest is no 
higher than 30 % (Floret et al. , 1 989), the abundance of arthropods i s  law (Owen, 
1 977 ; Dajoz, 1 980) and old leaves in the holm oak forest are very hard and rich 
in tannins and other deterrent substances (Varley, 1 967 ; Feeny, 1 970 ; Jordana & 
Gomariz,  1 994) that make leaves unpalatable ta most herbivorous insects . Thi s set
of factors would work together ta madel the breeding period of P. major in a
Mediterranean habitat and explain the timing observed. 
In any case, it is  important ta consider the lower density of nests of
P. caeruleus in the pine forest in comparison with the holm oak forest (see
Table Il). The lower density of thi s species could favour the settl ing of terri tories 
at the beginning of the breeding season in this habitat. Taking into account that the 
number of nestlings that can be rai sed in each moment should be related ta the 
availability of food resources , the shape of the curves for the proportion of 
nestlings being reared in each habitat suggests a quicker and higher increase in the 
availability of food resources in the holm oak forest. 
Bath Great Tit populations stopped breeding on the same date in June. At thi s 
time, climatic conditions are already unfavourable for breeding due to high
temperatures .  With regard ta the breeding period of P. caeruleus in  the Mediter­
ranean i sland of Cors ica, Blondel et al. ( 1 99 1 )  suggested th at bath the ri sk of 
hyperthermia due to high temperatures (Mertens ,  1 988)  and the ri sk of being 
parasited are selective pressures determining the cessation of breeding .  
REPRODUCTIVE EFFORT 
In this study, the average clutch size of P. major was independent of the type
of habitat. Our results show the importance of laying date in determining clutch 
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size. Great Tits laid more eggs at the beginning of the reproductive cycle, both 
when clutches were pooled over habitats and when considered separatively in each 
habitat. 
The relationship between clutch size and laying date has already been 
documented for sorne different populations of P major (Kluyver, 1 95 1  ; van
B alen , 1 973  ; Orel! & Oj anen, 1 983 ; Perrins & McCleery, 1 989 ; Barba, 1 992). 
In contrast to clutch size, phenotypic variation in egg volume was influenced 
by the type of habitat, with larger eggs in the pine plantation. This was true for 
early clutches but not for the late ones. Egg volume may show the effect of an 
habitat- linked factor better than the seasonal variation of resources or any other 
factor in the pinewood and the holm oak forest. 
Both laying large eggs and the variation of their size are mechanisms of 
adaptative value used by birds to make their breeding patterns fit environmental 
conditions (Parsons ,  1 970 ; Schifferli , 1 973 ; Howe, 1 976 ; Ryden, 1 978 ; Oj anen 
et al. , 1 98 1  ; Jarvinen & Pryl ,  1 989). 
The higher average egg volume of early clutches in the plantation may entai! 
a higher reproductive effort or reflect better environmental conditions but, in any 
case, may increase the survival rate of the nestlings by providing more body 
reserves during the first hours after hatching, which i s  of a great importance to 
nestlings (Parsons,  1 970 ; Schifferli , 1 973 ; Murton et al. , 1 974 ; O' Connor, 1 975 , 
1 979 ; Howe, 1 976 ; Nisbet, 1 978 ; Lundberg & Vaisanen, 1 979 ; Williams , 1 980 ;
Moss et al., 1 98 1  ; Birkhead & Nettleship, 1 982 ; Slagsvold & Lifjeld, 1 989).  
This species makes clutches of similar siie and varies the average egg volume 
of clutches depending on the habitat. On the other hand, it could be stated that 
seasonality has an effect on the total reproductive effort of this species in both 
forest habitats since early clutches are larger in both cases. However, average egg 
volume is similar in early and late clutches. 
B REEDING S UCCESS 
Although habitat-related factors had an influence upon the number of 
fledglings rai sed and their weight, at the end of the cycle the conditions were 
probably similar in the two habitats and no differences in the success of late 
clutches were found. 
Early clutches had higher success than late ones in the pinewood but not in 
the holm oak forest. Thi s suggests that resources in the pines gradually became 
scarcer at the end of the reproductive period. Therefore,  the seasonality exerts a 
more intense selective pressure in the coniferous plantation than in the holm oak 
forest. 
Delayed breeding influences the breeding success of Great Tits negatively 
(Barba et al. , 1 995 ; Allander & Bennet, 1 995 ; Nager & Noordwijk, 1 995) .  In our
study, this applied to the pinewood but not to the holm oak forest where the 
number of fledglings reared and their weight were similar in early and late 
clutches .  These differences may be related to the different timing of the availability 
of food resources in both habitats .  The conditions in the pine forest could turn 
more severe at the end of the reproductive cycle. 
Weight at fledging predicts the later survival rate of Great Tits (see references 
in Cichon & Lindon , 1 995) .  Thus, there is a significant correlation between this 
parameter and recruitment rate in following year (Perrins ,  1 965 ; Dhondt, 1 97 1  ; 
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Garnett, 1 98 1  ; Smith et al. , 1 989). The heavier ftedglings rai sed in the pinewood 
wou1d have a higher probability of being recruited than ftedg1ings rai sed in the 
holm oak forest which were, on average, lighter when they left the nest. 
Competition with other species may influence on the reproductive perfor­
mance of P major. The adverse effect of P caeruleus on the reproductive
performance of P major is reftected in severa) parameters : ftedglings per egg
(Dhont, 1 977 ; Torok, 1 987), percentage of second broods (Dhondt, 1 977 ; den 
Boer, 1 987) ,  ftedglings per pair (Dhondt, 1 977),  weight of ftedglings (Minot, 
1 98 1  ; Torok, 1 987), adult surviva1 (Clobert et al. , 1 988) .  In our case, the dates in 
the cycle with highest weighed up proportion of nestlings for both species are very 
close (Mafcas, 1 994) .  This short difference in time with regard to the maximum 
food demand by the growing nestlings of both species suggests that the 
competition between them could reach the highest value for a short period of ti me. 
Therefore, thi s  temporary overlapping would be the cause of competition between 
both species .  
The effects upon reproduction would depend on their breeding densities .  The 
average density of P major was very similar in pinewood and holm oak forest : 1 1
and 1 1 .2 nests/ 1 0  ha, respectively (Mafcas,  1 994) .  By  contrast, P caeruleus
occurred at an average density of 3 .4 nests/ 1 0 ha in pinewood and 1 3  nests/ 1 0 ha 
in holm oak forest (see Table Il) . Consequently, the adverse effect of P caeruleus
upon reproductive parameters of P major would be more intense in the holm oak
forest. 
HABITAT DISTRIBUTION 
These results suggest a despotic di stribution of Great Tits in the study area as 
described by Fretwell & Lucas ( 1 970) and Perrins & Birkhead ( 1 983) .  This mode! 
of despotic distribution predicts different breeding successes between habitats 
according to their fitness .  Breeding individuals in suboptimal habitats could reach 
an optimum breeding performance through decreasing population density, that is  
to say, lowering intra and interspecific competition . 
In thi s case, the recent appearing of the pine reforestation, its more simple 
architecture (see Table I) and its lower species richness both in vegetation 
(Gonzalez Bernaldez et al. , 1 976) and in its fauna (Fernandez Haeger & 
Rodriguez, 1 982  ; Mafcas, 1 994) allow us to consider thi s habitat as suboptimal in 
relation to the holm oak forest. 
Our results correspond with tho se of B alen ( 1 973)  and Ulfstrand et al. ( 1 98 1 )  
for temperate coniferous and deciduous forests ,  but they differ from those of 
Leme! ( 1 989) .  This latter author concluded that habitat distribution of P major
would be in accordance with the Ideal Free Distribution mode! rather than the 
despotic di stribution mode!. 
Nevertheless, both the correlation between P major densities
(individuals/ 1 0  ha) in pinewood and in holm oak forest (Spearman correlation 
coefficient rs = 0.95, n = 20, p < 0.00 1 ; years 1 989 and 1 990) and its similar 
breeding density in both habitats do not support the prediction that this species fits 
a despotic di stribution. Our results would rather support the hypothesis that thi s 
species fits a free distribution with different reproductive successes depending on 
its abi lity to exploit each habitat. 
Assuming that there are density-dependent components in Great Tit repro­
duction, the pinewood wou id be a more sui table breeding habitat for P major since
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competition for food and other resources would « slow down » much more than in 
the holm oak forest due to a lower total density of breeding individuals (Great Tit 
and other species breeding in nest-boxes) : on average, 22.8 nests/ 1 0 ha in the 
pi ne wood and 3 1 . 3 nest/ 1 0 ha in the ho lm oak forest (see Table Il) . This difference 
could account for a higher breeding success in the pinewood. 
In conclusion , Great Tits breed successfuly in the pine forest, a habitat that 
appeared recently in thi s area substituting ancient oak forests. The better breeding 
success can be related to a lower density of reproductive pairs of thi s species and 
others occupying nest boxes .  
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SUMMARY 
This study compares breeding patterns of nestbox-breeding Great Tits (Parus 
major) between two adjacent forest habitats : a pine plantation and a Mediterra­
nean holm oak Quercus rotundifolia forest. Breeding density increased in both 
forests when nestbox density was rai sed. The breeding season started earlier in the 
pinewood, but tended to end at the same time in both habitats. Reproductive effort 
was higher in the plantation as reflected in egg volume rather than clutch size. 
Time of season had an effect on clutch size but not on the size of the eggs which 
remained constant throughout the breeding season . Breeding success was associ­
ated with habitat, with both the number of fledglings and their weight being higher 
in the pinewood. These parameters showed a seasonal trend in the pinewood but 
not in the holm oak forest. Our results show that Great Tit achieves a higher 
reproductive performance in the pinewood in spite of its recent settling in thi s 
habitat. 
RÉSUMÉ 
Cette étude compare les patrons de reproduction en nichoir de Mésanges 
charbonnières (Parus major) entre deux habitats forestiers adjacents : une planta­
tion de pins et une forêt méditerranéenne à Quercus rotundifolia. La densité des 
reproducteurs s ' est accrue dans les deux forêts quand la densité des nichoirs a été 
augmentée. La saison de reproduction a commencé plus  tôt dans la pinède, mais 
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tendit à se terminer en même temps dans les deux habitats .  L' effort reproducteur 
fut plus important dans la plantation mai s  en terme de volume d ' œuf plutôt que de 
taille de ponte. La période dans la saison a eu un effet sur la taille de la ponte mai s 
pas sur celle des œufs,  laquelle est restée constante tout au long de la saison de 
reproduction . Le succès reproducteur fut associé à l ' habitat, avec des effectifs et 
des poids de jeunes à l ' envol plus élevés dans la pinède. Ces paramètres ont 
montré une tendance saisonnière dans la pinède mais pas dans la chênaie. Nos 
résultats montrent que la Mésange charbonnière affiche une meil leure performance 
reproductrice dans la pinède bien que son installation n ' y  soit que récente . 
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